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Physical inactivity levels are rising in many countries, becoming the fourth leading risk factor for global mortality (WHO, 2010). As adolescent physical activity (PA) is related to further involvement in PA during adulthood (Hallal, Victora, Azevedo, & Wells, 2006), the study of adolescent PA and its determinants is of great importance. Patterns and choices of involvement in PA in adolescents may vary between countries (Biddle et al., 2009), so that further research on the PA patterns of European adolescents is needed. Cross-national comparisons of adolescent PA are interesting, not merely because they provide information about the range of activities engaged in by young people in different contexts, but also because they make it possible to address the more fundamental sets of climatic, material or cultural factors that might underline differences in activity levels between countries (West, Reeder, Milne, &  Poulton, 2002). The goal of this study is to present preliminary descriptive results of the EPAPA project (Evaluation and Promotion of Adolescent Physical Activity), a cross-cultural study of PA in adolescence and its determinants between two European cities, Huesca (Spain) and Tarbes (France).
Findings from cross-cultural research are an important part of the epidemiological literature because they clarify confusing observations limited to specific populations (Beardsley & Pedersen, 1997). The fact that the two cities compared are so close (220 km of separation), and the many cultural differences that exist between both countries, enhance the cross-cultural interest of the comparison. Moreover, to our knowledge, comparisons between the two countries according to adolescents’ Moderate to Vigorous Physical Activity (MVPA) levels using accelerometry have not been carried out to date. It should be stressed that this comparative study was effectuated between two towns, without claiming to generalize the results to the whole country. However, the terms “Spanish” (i.e., Huesca) and “French” (i.e., Tarbes) have been used to facilitate comprehension of the text. The main reason we chose to compare these cities is the perceived cultural differences which are clearly reflected in the scholar schedule for example. More time is devoted to compulsory physical education (PE) lessons in France (3 h/week) than in Spain (2 h/week). As indicated by some authors (i.e., Guinhouya et al., 2009), the contribution of in-school MVPA in France predicts 89% of the variance of the total daily MVPA. If this prediction is correct, the positive and cultural atmosphere of an educative context with more hours of PE should induce higher levels of MVPA in France than in Spain. 
Cross-national data on PA in the European Union indicate that boys are usually more active than girls (Biddle et al., 2009; Moller, Kristensen, Weddekopp, Andersen, & Froberg, 2009)  and that a higher level of involvement in MVPA is reported on weekdays than on weekend days (Treuth et al., 2007). As a consequence, we assume these hypotheses for our study. Nevertheless, so far, the relevance of cross-national comparisons of PA in adolescents has been limited for several reasons. The use of different methodologies to measure PA in existing cross-cultural studies produces non-recommendable comparisons between researches, so that cross-cultural comparisons are not valid when it comes to generalizing the results. Use of accelerometry to measure PA offers many improvements over other usual techniques (i.e., self-reported questionnaires), but only if researchers attempt to integrate the best recommendations on their current use (Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005). To our knowledge, no studies have attempted to compare levels of PA between European countries using accelerometry while taking into account the recommendations on its use with regard to epoch lengths and cut-points. In spite of this fact, Moliner-Urdiales et al., (2009) has already reported that Spanish adolescents did 57.7 ±24.1 minutes of daily MVPA. But to date, no French studies that evaluate adolescents’ MVPA by accelerometer are available. Recently published was the first French study (Apété, Zitouni, Hubert, & Guinhouya, 2012) to examine the compliance of children aged 9.9±0.9 years with PA guidelines, using objective assessments by accelerometer, which indicated very low levels of compliance with MVPA guidelines (5% - 9%). 
All international PA recommendations have been made official by the World Health Organization (WHO, 2010), which proposes 60 minutes of MVPA per day in order for adolescents to obtain health benefits. It is also recommended to accumulate PA in periods of ten consecutive minutes to maximize health benefits (Strath, Holleman, Ronis, Swartz, & Richardson, 2008).  It seems that most of the adolescents in Europe do not achieve this public health guideline time (Cavill, Kahlmeier, & Racioppi, 2006). Indeed, we hypothesize that the majority of Spanish and French adolescents are not compliant with WHO guidelines. 
Therefore, there were two main aims in this study: firstly, to describe and compare levels of adolescents’ PA as assessed by the accelerometer as a function of (a) Country (Spanish city and French city), (b) gender and (c) period of the week (weekdays and weekends); and secondly, to verify compliance with international PA guidelines based on MVPA and 10-minute activity bouts in each country. Temperature, precipitation, socio-economic status and body mass index were used as control variables as they have been reported as possible correlates of PA (Tucker & Gilliland, 2007; Richter et al., 2009).
METHODS
Location
The EPAPA project selected two twin European cities, Huesca (Spain) and Tarbes (France), to conduct this study. They were selected due to their geographical proximity (220 kilometres through the axis of the Pyrenees Mountains) and their similar medium size.  Huesca (height 490 m) has a total population of 52,443 inhabitants with a density of 8402 inh/km² (2011 Census). Meanwhile, Tarbes (height 304 m) is slightly less populated (45,613 inhabitants) and has a lower population density (2975 inh/km², 2011 Census). Both cities are located in two bordering regions with similar Gross Domestic Product (23,094.9 Euros in Spanish Region Vs 21,551.1 Euros in French Region; (retrieved from ww.ine.es (National Institute of Statistics; Spain) and www.insee.fr (National Institute of statistics and Economic Studies; France). With regard to climate, it should be noted that rainy weather is more usual in Tarbes than in Huesca (1102 mm Vs 535 mm; Average annual rainfall 1971-2000). However, precipitation data collected during the days of the measure showed a relation in the other way round (Huesca:6.23mm, Tarbes:4.08mm; p<0.01). Temperature was also higher in Huesca than in Tarbes (14.34ºC Vs 7.47ºC; p<0.001) during the period of collection data. 
Study sample and design
A total of 401 adolescent males (n=188) and females (n=214) from the cities of Tarbes and Huesca volunteered to take part in the EPAPA project. Similar consent rates were found in both cities, 61.88% in Tarbes and 57.05% in Huesca. Data collection took place from September to December 2010 in 6 public and state schools. It should be noted that two consecutive periods of measurement were performed: data collection in Spain was carried out from September to October, whereas in France data were compiled from November to December. After eliminating cases with incomplete and missing data, according to inclusion criteria, the final sample consisted of 301 adolescents, 162 French (age, 14.35 ± .70 years; 62 males and 100 females; 72.32% of adherence to protocol, with 64.58% for males and 78.13% for females) and 139 Spanish (age, 14.57 ± .61 years; 66 males and 73 females; 78.09% of adherence to protocol, with 71.74% for males and 84.88% for females). 
The research project was approved by the appropriate ethics committees. After being informed about the research project, parents provided written informed consent, and adolescents gave written consent before participating in this study. 

Measurements
SOCIO-DEMOGRAPHIC, MORPHOLOGICAL AND ENVIRONMENTAL DATA
Age, gender, weight and height were self-reported by the participants. Socio-economic status was measured with the “Family Affluence Scale II” (Currie et al., 2008). The FAS II is a valid international tool that contributes to the understanding of social inequalities among adolescents and that allows comparisons between countries. FAS II is 4-items scale that asks students about how many “car / bedrooms / computers” they have and how often they go on vacations. A composite FAS score is then calculated for each student summing the responses to these four items. The sample is then categorized in a three point ordinal scale where FAS low (score=0,1,2) indicates low affluence, FAS medium (score=3,4,5) indicates middle affluence, and FAS high (score=6,7,8,9) indicates high affluence. Daily mean temperature and precipitation data were collected from the National Agencies of Meteorology of France and Spain (france.meteofrance.com and aemet.com) every day of accelerometry recording. Global means of daily mean temperature and precipitation were calculated for each subject, according to the valid recorded days that make up the final dependent variables  after inclusion criteria had been applied. For example, if a subject had Monday, Wednesday, Friday and Saturday as valid days, final mean temperature and mean precipitation were calculated taking into account the values of these specific days.  BMI (body max index) was plotted on the CDC (Center for Disease Control and Prevention) BMI-for-age growth charts to obtain a percentile ranking. Later, percentile was classified into categories (<5th: underweight; 5th <85th: healthy weight; >85th overweight and obese). 
PHYSICAL ACTIVITY AND OUTCOME MEASURES
The tri-axial GT3X accelerometer (Actigraph, Pensacola, Florida, USA) was used to assess PA continuously during the waking hours of a 7-day period. The GT3X accelerometer is widely used in PA research and has been shown to be a valid and reliable tool for quantifying PA in adolescents (Reilly et al., 2006). Monitors were initialized as described by the manufacturer, and the epoch was set at 15 seconds (Bailey et al., 1995). The GT3X was attached to an adjustable elastic belt and worn on the right side of the hip in accordance with the guidelines suggested (Trost, McIver, & Pate, 2005). Participants were provided with detailed instructions on how to use the accelerometer, and only removed it when engaging in water activities or sleeping. Accelerometer data recorded on the delivery day were excluded from analysis (Lachat et al., 2008). 
Before further processing, the following inclusion criteria had to be met: (1) the subject must have worn the monitor for at least 4 days, including one weekend day (Trost et al., 2005); (2) a “full day of wearing” was defined as at least 10 hours of continuous monitoring per day on weekdays, and at least 8 hours of continuous monitoring on weekend days (Rowlands, 2007). “Wear time” was defined by subtracting non-wear time from 24 hours and “non-wear time” was defined as an interval of at least 10 minutes of 0 activity intensity counts, with allowance for 1-2 minutes of counts between 0 and 100 (Kristensen et al., 2008). Average wearing time was 767±73 minutes and average non-wear time was 676±73 minutes. Average wearing time was 779±74 minutes in Spain and 757±72 minutes in France (F (1,299) = 6,63, p = .011; η² = .022). As a consequence, we conducted all analyses with percentages of daily PA (data not shown) and absolute value of PA to make sure the final results were not biased. 
The output obtained (counts/min) was translated into time (min/day) spent at different PA intensities using Evenson cut-points (Evenson, Catellier, Gill, Ondrak, & McMurray, 2008), recommended to analyze PA in adolescents. Time spent in MVPA was determined by adding minutes in a day where the count met the criterion for the corresponding intensity and 10- minute bouts were defined as 10 or more consecutive minutes above the relevant threshold, with allowance for interruptions of 1 or 2 minutes below the threshold (Masse et al., 2005). Finally, the Four-Day Average method (Olds et al., 2007) of calculating the prevalence of PA was used both for minutes and 10-minute bouts.
Statistical analysis




The characteristics of the study population by country are shown in Table 1. It should be noted that BMI (p=0.001) and socio-economic level (p=.041) showed significant differences between countries. Huesca showed a higher prevalence of overweight and obese adolescents than Tarbes (10.87% Vs 5.19%). That is why these variables were used as covariates in the main analyses. The chi square test showed that the number of males and females between Spain (n=66; n=73) and France (n=62; n=100) were not significantly different (p=.107).
Due to the existence of significant differences in recorded time between countries and periods of the week, data were analyzed both with percentages of daily time and absolute value. These analyses provided similar results for the main points, except for one non-relevant interaction effect for bouts of MVPA between period of the week and gender. We therefore present the results using daily minutes of MVPA as the dependent variables.
<< Table 1 here >>
Means and standard deviations of MVPA and 10-minute bouts are also reported in Table 1.  Concerning MVPA, the ANCOVA revealed a significant main effect of country (F (1, 293) = 41.45, p = .000; η² = ,127) indicating that Spanish adolescents spent more time in MVPA compared to their French counterparts. Gender main effect was also significant (F (1, 293) = 26.61, p = .000; η² = ,086), with boys reporting significantly more MVPA than girls, as well as the main effect of the period of the week (F (1, 296)  = 7.55 , p = .006; η² = ,026) that shows that MVPA during weekdays was higher than MVPA during weekends. An interaction effect was also found between period of the week and precipitation (F (1, 293) = 4.03 , p = .046; η² = ,014). There were no other interaction effects between variables. The four covariables, namely, BMI, socio-economic status, mean temperature and mean precipitation, were controlled and revealed no significant effect on MVPA. Focusing our attention on Spain, boys were significantly more active than girls both on weekdays and at weekends. However, French boys only showed higher MVPA than girls on weekdays (Table 2). 
	Using 10-minute bouts as the dependent variable, the ANCOVA also revealed significant main effect of country (F (1, 293) = 35.95, p = .000; η² = ,112), gender (F (1, 293)  = 23.51, p = .000; η² = ,076) and period of the week (F  (1, 293) = 6.12 , p = .014; η² = ,021). Similarly, an interaction effect was found between period of the week and gender (F (1, 296) = 4.88, p = .028; η² = ,017) (although no interaction effect was found in percentage analysis (F =1.87, p=.173; η² = .007) and period of the week and precipitation (F (1, 293)  = 5.63, p = .018; η² = ,019). No other interaction effects or covariate effects were found. As with the MVPA results, 10-minute bouts followed the same trend, showing that Spanish adolescents spent more time in MVPA than French adolescents. Post-hoc analysis showed that Spanish boys were more active than girls on both weekdays and weekends, whereas French boys were more active than girls only on weekdays (Table 1). 
Table 2 provides the number and the percentage of compliance with guidelines according to MVPA and 10-min. bouts results. Related with MVPA, approximately 35.9% of the participants met PA guidelines; however, only 16.7% of French adolescents met PA recommendations compared to 58.3% of Spanish adolescents (p=.000). Both genders showed significant differences on meeting PA recommendations between countries: 74.24% Spanish boys versus 25.81% French boys (p=.000), and 46.58% Spanish girls versus 11% French girls (p=.000). Independent of country, 50% of boys met PA recommendations compared with 25.4% of girls (p=.000). Significant gender differences were found both within France (p=.014) and Spain (p=.001). 
<< Table 2 here >>





	The goals of this study were, firstly, to compare adolescent PA in two medium-sized cities of France and Spain, as a function of gender and period of the week, and, secondly, to estimate the compliance of adolescents' PA with up-to-date international guidelines (WHO, 2010). The results showed that Spanish adolescents presented a higher level of both MVPA and 10-minute bouts than the French, with boys from Spain being the most active group. Moreover, French girls showed the lowest level of PA. Regarding compliance with MVPA guidelines, 35.9% of the sample followed the WHO recommendations, with 16.7% of the French sample and 58.3% of the Spanish sample being compliant. Independent of country, 50.8% of males met the MVPA recommendations. However, only 26% of the female sample followed the guidelines. It should be remembered that all these results hold after controlling for BMI, socio-economic status and daily mean temperature and precipitation.
	To our knowledge, no specific studies have addressed cross-cultural analysis using a similar methodology in adolescents, so comparisons are difficult. This study is the first between France and Spain to compare adolescents’ MVPA levels, using objective assessments by accelerometer. Nevertheless, previous studies accomplished with different methods of measurement or samples comparing MVPA between France and Spain have been conducted, yielding inconsistent results. Some authors who used questionnaires in adults reported higher levels in France (Steptoe et al., 1997), while others found higher levels in Spain (Sjöström et al., 2006), even though differences were not as significant as in this study. Regarding other national studies, the daily MVPA level found in Spain follows a common pattern with previous studies using accelerometry in adolescents that report values around 60 min/day, concretely 57.7±24.1 min/day (Moliner-Urdiales et al., 2009). In a cross-cultural study (Silva et al., 2010) carried out in Huesca and in Oporto (Portugal), Spanish adolescents showed similar values of MVPA to the present study, being significantly higher compared to Portuguese adolescents. In France, no studies using accelerometers with adolescents are available. As a comparison, studies using accelerometers report values of 2.67±1.91 hours/week for adults (Jacobi et al., 2009), and 25±18 min/day for children aged 9.9±0.9 years (Apété et al., 2012). Nonetheless, comparisons are complex due to the use of different methodologies, so there is a risk of misinterpretation. The higher level of MVPA found in Spanish adolescents compared to French adolescents is somewhat unforeseen. As the time devoted to PE lessons is 50 % higher in France than in Spain, and based on the premise that total daily MVPA is mainly based on in-school-MVPA (Guinhouya et al., 2009), we anticipated a higher level of MVPA in France due to the expected promotion of PA levels that should generate a more active context. Although we controlled for several covariates (BMI, gender, socio-economic status, daily temperature, daily precipitation), it is possible that other variables are likely to explain these differences and it should not be concluded that PE lessons are useless in enhancing MVPA levels. Future research is warranted.
	In accordance with other studies (Sisson & Katzmarzyk, 2008), which suggest that the range of prevalence of the PA threshold vary greatly between countries, our results showed a higher percentage of compliance with PA guidelines in adolescents from Huesca (58.3%) compared to adolescents from Tarbes (16.7%). Our French results do not tally with the literature that reports values of 45.7% in a French population from 15 to 74 years old (Escalon, Vuillemin, Erpalding, & Oppert, 2005). However, our Spanish findings concur with other surveys of Spanish adolescents, such as the AVENA study (59.7%) (Martin-Matillas et al., 2011). Regarding compliance with PA guidelines for 10-minute bouts, significant differences between both countries were still apparent. However, the percentage of compliance has decreased significantly both in Spain and in France. Although our results are higher than other study in adolescents using accelerometry (Troiano et al., 2008), the low percentages shown, especially in France, suggest the need of PA promotion policies. 
Consistent with a classic pattern of results (Moller et al., 2009), our results have also shown greater levels of PA in males compared to females in both cities, as other national studies have previously demonstrated both in Spain and France (Escalon et al., 2005; Peiró-Velert, Devís-Devís, Beltrán-Carillo, & Fox, 2008). This was also supported by Armstrong and Welsman (2006) in a study that reviewed the PA of adolescents from other States of the European Union. Our results have also reported significantly lower activity levels on weekend days compared with weekdays. These findings are consistent with other studies (Gavarry, Giacomoni, Bernard, Seymat, & Falgairette, 2003); nevertheless, some controversy still exists in the literature (Peiró-Velert et al., 2008), so further research is needed. Social and cultural factors in the distribution of PA across the week should be studied, especially after the interaction effect found between period of the week and precipitation.
 	 At this point, we propose several hypotheses relating to the factors likely to be involved, that explain differences between the two countries. A first hypothesis might be the differences in daily time distribution. The Spanish school day usually lasts until 2.30pm, and dinner time is usually at 9pm, whereas the French school day lasts until 4pm-5pm and dinner time is generally around 7pm, reducing considerably the time available for extra-curricular activities. It is therefore possible that the pace of Spanish life, which allows adolescents to take an important break after lunch, could provide more opportunities to involve in MVPA in the afternoon. The second hypothesis might be the fact that during school time, the contribution of PE lessons and recess to MVPA levels may be scarce or lower in France.  This is unexpected, as compulsory PE lessons last 3 hours a week in France compared to 2 hours a week in Spain which is likely to generate a more active behaviour. However, it is possible that the contribution of recesses in Spain compensates and exceeds the higher amount of PE lessons that is provided in France.  In spite of the fact that the total duration of recess is quite similar (35~40min in Spain Vs 30 min in France), in France recess is divided into two 15-minute breaks during the day, which may not promote the spontaneous involvement in MVPA. Longer periods of recess time may enhance engagement in MVPA. Analyzing separately these periods of time becomes completely recommended. The third hypothesis relates to the size of the town as Huesca has a smaller geographical size than Tarbes. This fact may mean that Spanish parents allow adolescents to go out more freely in their neighborhood than is the case in Tarbes, which is potentially important in terms of providing more social opportunities for PA (Carver, Timperio, & Crawford, 2008). Furthermore, public transport in Huesca is almost non-existent (only two bus lines), so active transport may become a necessity and a more commonly used option for moving around the town, especially in the adolescent population. Further research is needed to explore these hypotheses. 
STRENGTHS AND LIMITATIONS
The major strength of this study is the use of the same measurement device and the same procedures for data cleaning and analysis within a study sample from two close European cities. The accuracy of the PA estimates obtained by accelerometry and the similar protocol provide a framework for comparisons of PA levels and compliance with guidelines between countries. In the future, a similar methodology should be used between European countries if comparative studies are to be accomplished.
Nevertheless, common limitations related to accelerometry have to be mentioned: accelerometers may underestimate PA levels in actions that involve static or water activities, and they may not be sensitive to many of the complex movement patterns exhibited by adolescents during free play (Trost et al., 1998). Final results would be biased if rates of swimming and biking in France were higher than in Spain. However, so far, this fact has not been studied and to our knowledge no result indicates a difference between these activities between the two countries.  Nonetheless, accelerometers provide an objective, nonreactive and accepted tool for quantifying PA (Reilly et al., 2006).  It is also important to recognize the limitations that self-report BMI and SES may generate in this study.
CONCLUSION
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Table 1:  Physical characteristics of the study sample and mean scores and Standard Deviations (SD) of Moderate and Vigorous Physical Activity (MVPA) and 10-minute bouts of MVPA of the 2010 data of the EPAPA/EPAFA project.
Variables	Spain	France
	All	Boys	Girls	All	Boys	Girls
Age (years)	14.57 (.61)	14.58 (.66)	14.56 (.57)	14.35 (.70)	14.38 (.71)	14.34 (.69)
Height (cm)	166.26	170.29 (10.58)	162.58 (5.53)	163.37	166.66 (8.49)	161.39 (6.19)
Weight (Kg.)	56.63	61.95 (11.48) 	51.81 (6.68)	51.61	53.73 (9.26)	50.26 (7.42)
BMI (Kg/m2)	20.34	21.15 (3.09)	19.59 (2.10)	19.31	19.47 (2.41) 	19.21 (2.50)
SES #	2.68	2.62 (.55)	2.72 (.45)	2.80	2.82 (.39)	2.79 (.41)
MVPA (minutes)	Total	67.50 (25.32) a	77.66 (25.12)	58.31 (21.88)	42.97 (17.21) a	48.76 (16.02)	39.38 (17.03)
	Weekday	71.71 (29.31) b	83.17 (30.20) d	61.35 (24.38) d	47.81 (19.30) c	54.18 (18.56) f	43.86 (18.78) f
	Weekend	54.85 (43.81) b	61.14 (43.33) e	49.17 (43.75) e	28.45 (24.73) c	32.48 (25.52)	25.96 (24.02)
BOUTS (minutes)	Total	40.60 (24.09) a	49.97 (24.31)	32.12 (20.61)	16.55 (14.49) a	21.33 (13.52)	13.59 (14.34)
	Weekday	43.39 (28.10) b	54.01 (29.73) d	33.80 (22.79) d	18.21 (16.94) c	24.15 (15.92) f	14.53 (16.58) f
	Weekend	32.21 (40.30) b	37.88 (38.90) e	27.08 (41.12) e	11.58 (19.30) c	12.87 (19.30)	10.77 (19.35)
# Socio-economic level has been categorized in three categories: low affluence (1), medium affluence (2), and high affluence (3).
Note: There are differences between data carrying the same symbol within each variable. Although similar symbols appear in both variables (MVPA and Bouts), they only express differences for the corresponding variable. Detailed differences below: 
Letter) Type of difference: (MVPA p= ) / (BOUTS p= )
a) Country differences: (p= 0.000) / (p= 0.000)
b) Weekday-weekend differences in Spain: (p=0.000) / (p=0.015)
c) Weekday-weekend differences in France: (p=0.000) / (p=0.012)
d) Gender differences in Spain-weekday: (p=0.000) / (p= 0.000)
e) Gender differences in Spain-weekend: (p=0.035) / (p= 0.032)
f) Gender differences in France-weekday: (p=0.002) / (p= 0.001)


Table 2: Number and percentage of adolescents compliant with PA guidelines by country and gender according to MVPA and 10-minutes bouts of MVPA levels (n (%)).
		Total Sample (n=301)	Spain (n=139)	France (n=162)
		All	Boys	Girls	All	Boys	Girls	All	Boys	Girls
Meeting Guidelines	MVPA	110 (36.5%)	65 (50.8%)	45 (26%)	83 (59.7%)	49 (74%)	34 (47%)	27 (17%)	16 (26%)	11 (11%)
	10-min. bouts	30 (10%)	18 (14.1%)	11 (6.4%)	27 (19.4%)	19 (29%)	8 (11%)	3 (2%)	0 (0%)	3 (3%)
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